Background: In many rural areas of tropical countries such as Indonesia, the prevalence of soil-transmitted helminths (STH) infections remains high. At the same time, the burden of allergic disorders in such rural areas is reported to be low and inversely associated with helminth infections. To reduce the morbidity and transmission of helminth infections, the world health organization recommends preventive treatment of school children by providing mass drug administration (MDA) with albendazole. Here, we had an opportunity to evaluate the prevalence of skin reactivity to allergens before and after albendazole treatment to get an indication of the possible impact of MDA on allergic sensitization. Methods: A study was conducted among 150 school children living in an area endemic for STH infections. Before and 1 year after anthelminthic treatment with albendazole, stool samples were examined for the presence of STH eggs, skin prick tests (SPT) for cockroach and house dust mites were performed, blood eosinophilia was assessed, and total immunoglobulin E (IgE) and C-reactive protein (CRP) were measured in plasma. Results: Anthelminthic treatment significantly reduced the prevalence of STH from 19.6 before treatment to 6% after treatment (p < 0.001). Levels of total IgE (estimate: 0.30; 95% CI 0.22-0.42, p < 0.0001), CRP (estimate: 0.60; 95% CI 0.42-0.86, p = 0.006), and eosinophil counts (estimate: 0.70; 95% CI 0.61-0.80, p < 0.001) decreased significantly. The prevalence of SPT positivity increased from 18.7 to 32.7%. Multivariate analysis adjusted for confounding factors showed an increased risk of being SPT positive to any allergen (OR 3.04; 95% CI 1.338-6.919, p = 0.008). Conclusions: This study indicates that 1 year of MDA with albendazole was associated with a reduced prevalence of STH infections. This study shows that the prevalence of allergic sensitization increases after 1 year of albendazole treatment. Placebo-controlled and larger studies are needed to further substantiate a role of deworming treatment in an increased risk of allergic sensitization.
Introduction
Allergic diseases are a major global health burden and their prevalence is increasing. Worldwide, 20-30% of the global population suffers from some form of allergy [1] with notably higher rates of such immune disorders in industrialized nations [2] . On a smaller scale, communities in low-and middle-income countries transitioning from rural to urban settings are also experiencing an increase in the frequency of allergic diseases [3] .
According to the "hygiene hypothesis," first coined by Strachan in 1989, the prevalence of allergic disease will increase if there is a decreased exposure to common infectious diseases in early life or a decreased diversity of infectious agents is encountered [4] [5] [6] . Epidemiological studies examining the relationships between helminth infections, which are highly prevalent in low-income countries, and allergic disorders have provided evidence for an inverse association between helminth infections and allergic disorders [3, 7, 8] . The strongest evidence for the association between helminth infections and allergy has been provided by small intervention studies that have shown increases in the prevalence or the risk of atopy after anthelmintic treatment of infected children [9, 10] . However, there are also studies showing no or a positive association between helminths and allergies, indicating that other factors, such as lifestyle, can play an essential role in the pathogenesis of allergies [11] [12] [13] .
As in the case of allergic disorders, chronic helminth infections induce a strong T-helper 2 (Th2) immune response that leads to elevated levels of immunoglobulin E (IgE), eosinophils, basophils, and mast cells [8, 14] . However, unlike immune responses induced by allergens, helminth infections also lead to increased anti-inflammatory cytokines, such as interleukin (IL-10) and transforming growth factor-β [5, 16] . The anti-inflammatory environment induced by chronic helminth infections can spill over to third party antigens, thereby attenuating the responsiveness to "bystander antigens" including a decreased reactivity to allergens [17] , and it thus results in a decreased prevalence or risk of atopy and allergic disorders.
Indonesia, a country in economic transition, is also experiencing a steady increase in the prevalence of allergic disorders [15, 18] in the face of a decreasing prevalence of helminth infections due to health education, changes in lifestyle, improvements in sanitation, and mass drug administration (MDA) [19] . As school-based MDA programs are increasingly advocated and implemented by the Indonesian government, there is a window of opportunity to investigate the effect of MDA with albendazole on the prevalence of SPT reactivity to allergens in school children in Indonesia.
Methods

Study Population and Design
This study was performed in an elementary school (SD Katolik Nangamboa) in the Nangapanda Village, Ende District, Flores Island, Indonesia. The study site was selected on the basis of a high prevalence of soil-transmitted helminths (STH) [20] . Data were collected in October 2015 and October 2016. Prior to this study, written informed consent was obtained from the parents/legal guardians of the children. Approval was obtained from the ethical committee of the Faculty of Medicine of the University of Indonesia (Jakarta, Indonesia; approval No. 194/PT2.FK/ETIK/2006 and 825/UN2.F1/ETIK/2016). In total, 150 children were included in this study.
Anthelminthic Treatment
As part of the school-based MDA program, school children were treated with a single dose (400 mg) of albendazole biannually in October 2015 and March 2016.
Data Collection
A standardized questionnaire was used to assess general population characteristics including date of birth and gender. The questionnaire was administered face-to-face by one researcher accompanied by a teacher.
Body height and weight were measured using a portable stadiometer (SECA model 213; Seca GmbH & Co., Hamburg, Germany) and a mobile flat scale (SECA model 876; Seca), respectively [21] .
Infections with STH, Ascaris lumbricoides, Trichuris trichiura, and hookworm were examined via 2 Kato-Katz smears from 1 fresh stool sample [22] .
Regarding allergy outcomes, SPT reactivity was examined against allergen extracts of cockroach (Blatella germanica) and 2 species of Dermatophagoides house dust mites (D. pteronyssinus and D. farinae; ALK-Abello BV, Almere, The Netherlands). Histamine chloride and allergen diluents were used as positive and neg-DOI: 10.1159/000490952 ative controls, respectively. SPT was performed on the volar side of the lower arm and the results were measured after 15 min. SPT reactivity was considered positive if the longest diameter plus the perpendicular diameter of the wheal divided by 2 was at least 3 mm.
To assess eosinophil counts, a Giemsa-stained thin-blood smear was made from finger prick blood and eosinophil counts were expressed in percentages.
Levels of plasma C-reactive protein (CRP) were measured using commercial reagents (DuoSet ELISA, R&D Systems Europe, Ltd., Abingdon, UK), according to the manufacturers' protocol. In brief, mouse anti-human CRP capture antibody was coated overnight on MaxiSorp plates. Diluted capillary plasma (1: 10,000) was added to the wells and incubated at room temperature for 2 h, followed by a second biotinylated mouse anti-human CRP detection antibody. After washing, plates were incubated with streptavidin-HRP for 20 min. The colour was developed with tetramethylbenzidine and stopped with 10% H 2 SO 4 . A serial human CRP standard with a limit of detection of 15.6 pg/mL was included in each plate to calculate the CRP concentration of the samples. The results were expressed in milligrams per liter.
Total IgE levels were measured as previously described [23] . Briefly, MaxiSorp plates were coated overnight with rabbit antihuman IgE (Dako, Glostrup, Denmark). Plates were blocked with phosphate-buffered saline containing 5% bovine serum albumin (Albumin Fraction V; Boehringer, Mannheim, Germany). Capillary plasma was diluted (1: 100) in phosphate-buffered saline containing 0.05% Tween-20 and added to the wells. As a reference, the WHO standard of human serum IgE (NIBSC, Potters Bar, UK) was used, starting at a concentration of 90 IU/mL with a limit of detection of 0.04 IU/mL. Plates were incubated for 1 h and, after a washing step, IgE biotinylated goat anti-human IgE antibody (Vector Laboratories, Burlingame, CA, USA) was added and incubated for 1 h, followed by incubation with streptavidin alkaline phosphatase conjugate (Boehringer). The colour was developed by addition of para-nitrophenylphosphate (Boehringer) diluted in diethanolamine buffer, and optical density was measured at 405 nm. The results were expressed in International Units per milliliter.
Statistical Analysis
Descriptive data was analysed using IBM SPSS Statistics version 23 (IBM Inc., USA) and expressed as medians (IQR) or frequencies (% of collected data). Continuous data were log-transformed to obtain normally distributed variables. Changes in outcomes between 2 time points (before and after MDA) were assessed using linear mixed models with subject random effects. For continuous variables, parameter estimates (95% CI) were reported. The reported P values were obtained using a likelihood ratio test comparing the model with and without a time effect. For the binary outcomes, a logistic model was used with random subject effects. All models were fitted using the lme4 package (R software version 3.1.3) and the scripts are given in the online supplementary Methods (see www.karger.com/doi/10.1159/000490952 for all online suppl. material).
Results
Study Population
The baseline characteristics of the 150 participants are shown in Table 1 . The age of the children ranged from 7 to 15 years, with a mean age of 10.1 years; 51.3% of the children were male. At baseline 19.6% of the children were infected with 1 or more helminth species; T. trichi ura was the predominant species (11.2%), followed by A. lumbricoides (8.4%) and hookworm (4.9%). Among the 28 helminth-infected subjects, 7 (25%) had multiple helminth infections. The prevalence of SPT reactivity to any allergen at baseline was 18.7%, with 17.3% being positive to cockroach and only 2.7% being positive to any house dust mite (Table 1) .
Prevalence of STH Infection after MDA
One year after MDA, 113 out of 150 children returned for follow-up and stool samples were available from 102 children. Following anthelminthic treatment, the prevalence of STH infections decreased significantly (Fig. 1) . For any helminth, the prevalence decreased from 19.6 to 5.9%, for A. lumbricoides it decreased from 8.4 to 1.0%, for T. trichiura it decreased from 11.2 to 3.9%, and for hookworm it decreased from 4.9 to 1.0% (all p < 0.001).
Changes in Immune Parameters following MDA
Changes in immune parameters following MDA were assessed using a linear mixed model adjusting for age and sex. The results in Table 2 show that all immune parameters measured in the total population, including total IgE Table S1 ).
SPT Reactivity to Allergens before and after MDA
Following MDA, SPT reactivity to allergens was assessed in 113 children. The results show that the prevalence of SPT reactivity increased from 18.7 to 32.7% for any allergen, from 17.3 to 26.5% for cockroach, and from 2.7 to 14.2% for any house dust mite 1 year after MDA. When species of house dust mites are considered, the results show that the prevalence of SPT increased from 2.7 to 10.6% and from 2 to 4.4% for D. pteronyssinus and D. farinae, respectively. Multivariate analysis adjusting for age and sex showed that skin reactivity to any allergen (OR 3.04; 95% CI 1.338-6.919, p = 0.008) and to any house dust mite (OR 5.66; 95% CI 1.83-17.54, p = 0.003) but not to cockroach (OR 1.83; 95% CI 0.81-4.14, p = 0.15) (Fig. 2) increased after MDA. The increased risk of skin reactivity to house dust mite allergens after MDA is mainly due to the increased risk of reactivity to D. ptero nyssinus (OR 4.38; 95% CI 1.36-14.14, p = 0.013) and not to D. farinae (estimate: 2.21; 95% CI 0.51-9.54, p = 0.29) (Fig. 2) . Stratification analysis based on the STH status at baseline further showed that the prevalence of SPT reactivity increased from 20.9% (24/115) to 34.1% (29/85) and from 3.6% (1/28) to 25% (6/24) in helminth-negative and helminth-positive subjects, respectively. Whereas a borderline significant effect was seen in the helminth-positive subjects (OR 0.62; 95% CI 0.73-5.30, p = 0.05), in helminth-negative subjects MDA resulted in a significant increase in SPT reactivity (OR 2.41; 95% CI 1.06-5.51, p = 0.036). Values are presented as medians (IQR) unless otherwise stated. Estimates and 95% CI are based on generalized linear mixed models from log-transformed data. Values shown are back-transformed. p values were generated using a likelihood ratio test comparing models with and without a time effect. a n = 146. b n = 150. c n = 112. d n = 111. Discussion STH infections are among the most prevalent infections in the world. MDA programs have become the most commonly used national intervention strategy in helminth-endemic countries to achieve the goal of STH elimination [24] . For the deworming program in the Nangapanda community, the Indonesian government implements WHO guidelines [25] and provides albendazole treatment to school children biannually. The results of this study show that treatment with albendazole led to a significant reduction in the prevalence of A. lumbricoi des, T. trichiura, and hookworm infections.
The decrease in helminth prevalence after MDA was accompanied by a decrease in total IgE levels and eosinophil counts. These findings are in agreement with our previous results which showed that albendazole treatment leads to a decrease in total IgE levels [27] [28] [29] . Likewise, a schoolbased cluster-randomized study in Ecuador observed a strong association between total IgE and STH infection but not with age, nutritional, or socioeconomic status, suggesting that STH infection is an important determinant of total IgE [30] . With respect to the number of STH infections, Tahapary et al. [26] observed that the effect of albendazole treatment on total IgE levels and eosinophil counts was more pronounced in subjects with multiple helminth infections compared to single or no infection. However, this was not observed in the current study, probably due to the lower STH prevalence and the small sample size.
The finding that the level of CRP, a marker of inflammation, decreased after albendazole treatment is in contrast with our previously reported study conducted in adults (age ≥ 16 years) in the same area, which showed that albendazole treatment had no effect on high-sensitivity CRP levels [26] . Similarly, a study in Tanzanian school children infected with hookworm or Schistosoma haema tobium reported that albendazole or praziquantel treatment had no effect on CRP levels [31] . Furthermore, a study conducted in an area endemic for helminths and malaria in Tanzania observed a strong association between CRP levels and malaria but not with helminth infections [32] . Although no information regarding malaria status was collected in the current study, from our previous studies in the area it is known that this area is endemic for Plasmodium spp. [20] . Moreover, as we had no placebo arm to control for changes not related to MDA that occur in 1 year, we cannot rule out that changes in other exposures are associated with the change in CRP levels.
In the stratification analysis, we did not observe larger changes in immune parameters following MDA in helminth-positive compared to helminth-negative subjects, probably due to the small sample size. It should also be noted that the presence of STH infections was determined in a single stool sample by microscopy, which misses light infections and subsequently can misclassify STH status. Thus, deworming can have a much larger effect in the community than that which is detectable by assessing helminth using microscopy. Moreover, as this is not a placebo-controlled trial, the effects could be due to other environmental changes. Finally, there is also the possibility that albendazole affects macro-and microbiomes directly, which can affect the immune system [33] [34] [35] .
In this study, the decrease in STH prevalence following MDA was accompanied by an increase in the prevalence of SPT reactivity, especially to the house dust mite D. ptero nyssinus. This is in line with the notion that chronic helminth infection dampens excessive inflammatory responses through the induction of a suppressive immune environment [5] . Several other studies have shown a similar inverse relationship between STH infections and SPT reactivity. A study in Gabon found that SPT reactivity was significantly reduced in children infected with S. haemato bium and/or filariae [36] . Similarly, a Venezuelan study in an area with a high STH infection prevalence found that a decrease in the prevalence of STH infections was accompanied by an increase in positive SPT reactivity to house dust mites [9] . Though not significant, our previous study conducted in children aged 5-19 years from neighbouring villages found an incremental increase in SPT positivity to allergens at 9 and 21 months after the initiation of treatment [20] . It has to be noted that the reduction in helminth prevalence was less substantial (50%) than that in the current study (70%). Interestingly, a study in Ecuador showed that albendazole treatment every 2 months over the course of 1 year, while reducing the prevalence of STH infection, did not result in an increased prevalence of atopy or allergic symptoms [30] . In the Ecuadorian study, albendazole treatment resulted in a 70.4% (from 69.3 to 20.5%) reduction in helminth prevalence, similar to the finding in this study. However, despite a similar extent of reduction, the actual helminth prevalence after treatment in the Ecuadorian study was 8.5 times (50.5 vs. 5.9%) higher compared to our study, which might explain the lack of effect of deworming on the prevalence of SPT reactivity in Ecuador.
The substantial decrease in the prevalence of helminth infections in our study, due to a biannual single-dose albendazole MDA program, is rather surprising given that an earlier study [26] in adults in the same area showed that 3 consecutive doses of albendazole at 3 monthly intervals are needed to achieve an 86.6% reduction in helminth prevalence. However, in the present study the baseline prevalence of helminth infections was much lower at 19.6% compared to the 41.7% reported in adults [26] . This indicates that biannual MDA might be sufficient in areas where there is a low prevalence of helminth infections.
The strength of the current study is its longitudinal design; however, we acknowledge the limitations which include its small sample size, no control group, no data on allergen exposure or allergic symptoms, and no data on coinfections.
In summary, the present study, carried out in school children in a rural area of Flores Island, Indonesia, showed that biannual MDA with albendazole resulted in a significant decrease in the prevalence of STH infections which was accompanied by an increase in the prevalence of SPT reactivity to 2 of the most important allergens. Further studies in larger populations and in other endemic areas are needed to confirm our results and further examine the effect of MDA with albendazole on the prevalence of allergic disorders.
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